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ABSTRBRACT

The Naval Facilities Engineering Command (NAVFACENGCCH)
Compapé Management gggggggg fcr FY-84 identified the need
for an alternative to the twenty year old DOD-specified
vehicle replacement criteria (age and mileage). This thesis
idertifies a model which structures the repliacement decision
as an exapminaticn cf the economic palance between average
annual costs c¢f ownerskip and operation. The rcdel is
suggested fcr dynamic application in determining the optimal
service 1lives of various vehicie types for fleet-wide
replacement programmirng. It is also recomaended as a tool
for activity level transportation managers, since it
provides a means to examine and compare the economic cconse-
quences cf management policies and practices. Its fpracti-
Vj cality for this application is enhanced by the possibility
*- that if implemented via the computer medium, it cculd ke

integrated with the electronic record keeping capability for
" Fublic wcrks transportation management currently ‘teing
Z: provided by NAVFACENGCOM's Project BEST.
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I. INTBODUCTION

A. TEE NEED FOR A NEW VEHICLE REPLACEMENT POLICY

The Naval Facilities Engineering Command (NAVFACENGCCH)
has resgcnsibility in determininyg reguirements, [prccurirng,
and assicning a family of eguipment commonly reterred to as
Civil Ergineering Sufpport Equirment (CESE). This includes
automctive vehicles, construction, railway, firefighting,
and mckile weight hardling eguifpment. Because these eguip-
ment have, for all practical purposes, finite lives, reri-
odic reglacement is required. In recent years the
replacement of the Navy's CESE has suffered from a lack of
support ty Cffice of the Chief of ©Naval Operations (CENAV)
sponscrs during the Navy's programming rhase cf the
Department ¢f Tefense (DOD) Plaanirj, Programming, and
Eudgeting Systenm. Tikis has resuited in the procureaent o:
CESE at 1levels less than those recoamended, extended thre
rejuired 1life of this equifpment beyond the current 1life
expectancy criteria, and possibly driven the operating and
maintepance funding requirements higher than anticipated.
In order to obtain 1long term doliar comnmitments Ly CPNAV
sponsors, the Ccmmander of NAVFACENGCOM has delineated the
need for "....develofing a new, salable, and effective lasis
for the CESE replacement progran, other than the 'overage'
criteria currently used" [Ref. 1: p. 8].

Additional emphasis in this area was jprovided Lty a
NAVFACENCGCOM Inspectcr General (IG) audit performed at the
Naval Construction SBattalion Center, Port Huerene,
Califcrria in September 1983. Recommendation 82-215
proposed that the Civil Engineer Support Office (CESC), the
organizaticnp within NAVFACENGCOM responsible for ccordina-
tion cf CESE replacerent programming,

0




Ee P § o ccn;unctipn_uith NAVFACENGCOH (Codes 06, Deputy
Commpander or Military Ekeadiness (SEAEBEES) and ~ 10,
Assistant Commander for Facilities and Transportaticn),
exgplore the feasikility of developing a ife cycle
managegent model for autcmotive, colistruction, _ ~and
speciai handlirg eguipment that would include readiness
N factors, maintehancCe Costs, retention, overage, acgqguisi-

ticn ccsts, emergent technology and other variables as
aprroyriate. [Rei. 2

yagas,

> A prgegngy

EAY

The primary objective of +transportation management
N within the DOD is to provide optimum responsiveness, effi-
. ciency, and economy imn support of the DOD &missicnh.
NAVFACENGCOM's interest in the development of a new tasis
for CESE rerlacement is to be able to clearly illustrate to
the OPNAV sponsors, as well as others concerned, that
failure to replace an equifpment asset at the completicn cf
its econcmic 1life will result in the use of excessive

-
A

amounts cf operating and maintenance <funds by activities to
allow fcr the asset's continued operation. Because the

'r. l".'x'-lrt. h -',,-ﬂ .-' L, e

quantity of transpcrtation ejuipment available to each

l‘ V‘

activity, identified as its "allowance", is initially estab-
lished and thereafter annually reviewed and validated lLased
. cn aprroved justifiakle requirements, the activity must fund
. the cperating and maintenance costs necessary to keefr the

asset functional in crder to pmaintain its availability for

missicn support. Not only is it possible that these costs
’é kecome uneconomical c¢ver time due to increased maintenance

-

and repair requirements, the level of responsiveness that
can ke achieved with this asset may be severely diminisked
due tc an increase in downtime as it ages. This can result
in a degradation cf the activity's nmission readiness
capakilities.

-y
A

B. TEE REPLACEMENT [ECISION

Simply stated, the objective of any replacement policy

nANA 'l_q

is to optimize the economic consequences of owning and

o’
P
L




cperating an asset while maintaining established performarce

and safety reguirements. For transportation eyuipmernt the
tasic costs entering into the eguation in both the public
and frivate sectors are the fixed cost of acgyuisiticr and
the variakle costs of operations, maintenance, and regairs.

Fer commercial enterprises, other factors such as the
cost of insurance, tlte influence of advertising, tax ccnsid-
erations, trade-in values, and an asset's contribution to
the generation of revenue in many cases also influence the
replacement decision. Clingmap states:

.eeesfrcm a financial viewpoint, a_company should drive
its cars as_long as they are operable because the equip-
ment annual ccst lLecomes less the longer the caf 1s
driven. However, employee morale, corporate image and
grestlge, enployee safety, rellanlilty,‘ and driver tiae
ost due to exCessive maintenarce wouid rule out _this
possikility for most coapanies., Therefore,  trade-in
decisicns are, based or " intangibles or difficult-to-
quantify considerations as listéd above. [Ref. 3

Safety, reliability, and image, in terms of "pride and
professicralism"™, are also cf concern to the Navy, kut
status generally is rnct, as evidenced by the fact that most
equipment is of a factory standard color and contains oaly
cinimum amenities. The Navy, like many commercial enter-
prises, has formally established replacement criteria for
CESE. Though a vehicle may meet the replacement criteria,
this does nct ensure that it will be automatically or imme-
diately reglaced. As a practical matter, there is cnly one
annual procurement cycle after approval of the budget and
release of the apprciriations. If insurfficient funds are
progyrammed and/or budgeted to replace all eligible assets,
some velkicles will nct be replaced. when this happens, an
activity must coordinate with its Transportation Equigment
Management Center (TEMC), in order to determine which of the
eliyitle assets will actually ke rerlaced.

-
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Lo TEAC's are organizations established to accomilish
ﬁ&; assigned centralized technical respoasibilities for the
N transportation equipment program in administering the

assignment, replacesent, and disposal of transpcrtation

T éﬁf
7
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equipment, and froviding technical advice and assistance in
its wmaintenance and wutilization. In the case of an
inability tc replace all eligible vehicles, the TEMC will
determine thke order c¢f priority in which assets fror each of
its activities will Le replaced.

C. SCCPE OF THE STULY

This study explcres the feasibility of implementing
within the Navy's fleet management systems an economic lased
model for use in vehicle refplacement decision-making. It is
intended that this mcdel would be used primarily by activity
transportation managers as a basis for justifying their
replacement requirements to their respective TENMC's.
Consclidaticn of these requirements could then be passed up :
the programming chain-of command for use by the TEAC's to
NAVFACENGCCM, to the OPNAV spcnsors, and to Congress. In
crder to facilitate its use, the model must be undersztand-
able to those field level managers, yet be comprehensive
enough to ke used as a tasis of documentation for the
programsing process to illustrate the ramifications of
varying levels of transportation egquipment procurement uron
operations and maintenance funding and mission readiness.

Additionally, this study investigates the merits oi the
use of static estallished age and mileage criteria as
currently employed, versus the merits of a dynamic, continu-
ally evclving fprocess for vehicle replaceaent. It is
hypothesized that although, through a centralized procure-
ment system, a vehicle's acquisition cost is egyual toc all
other 1like vehicles procured in a particular year, the

K
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current, consistently apgslied replacement policy may nct be
the mcst ccst effective. This 1is due to differing lator
rates and weathersenvironmental conditions in vatrious
regicns c¢f the country which impact upon a vehicle's cper-
ating and raintenance costs.

This study is 1limited in scope to an examinaticn of
administrative use vehicles which comprise approximately 62%
cf the total CESE fleet and, in particular, to sedarns,
staticn wagons, and 1/4 to 3/4 ton pickup trucks which
constitute approximately 77% of the adaministrative vehicle
fleet.

An administrative use vehicle is defined as "....a aotor
vehicle, usually of ccmmercial design, assigned on the tasis
of formal authorizaticn documents, to provide transportatio:n
suppcrt of an installation/activity." To provide <zIurther
cliarificaticn of this definition, a coamercially designed
vehicle is "a vehicle designed to meet civilian requireaeats
and used without majcr modifications by DOD activities for
routine rurroses in connection with the transportation of
supplies, personnel, cr equipment."” [Ref. 4: p. A-1]

13
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II. BACKGROUND

A. ORIGIN OF CURRENT DOD REPLACEMENT POLICY

The current DOD pclicy for the manajement, acquisition,
and use cf motor vehicles establishes the standard replace-
ment criteria for ccamercially designed vehicles. These
criteria are based on age and accumulated mileage variatles,
and also direct DOD components on the calculation and use of
one-time rerair limits. [Ref. 4: p. 12-5]

Frcm authority vested by published instructions of the
Secretary of the Navy, the Chief of Naval Operations and the
Chief cf Naval Material, NAVFACENGCO® has technical respon-
sibility for the admicistration, operation and procurement
cf transportation equipment for the Navy. NAVFACENGCOM has
provided guidelines for the manajement of this eguipment
[Ref. 5], which include the criteria zfor replacement in
terms of the DOD age and accumulated mileage variables as
well as the factors for the computation of cost repair
limits. Sedans, station waygyons and 1/4 to 3/4 ton pickup
trucks are eligible for replacement when one o:i the
following criteria has been met: (1) six years of age, (2)
accunulaticn of 72,J3C0 miies, or (3) «hen the one time cost
cf reprairs exceeds S0 percent of the present replacerent
value of the vehicle as determined from the computaticn
factors shown in Table I [Ref. 5: p. 10-1]. The present
replacement value of a four year old vehicle, for example,
is considered to be 42% of the current acgjuisiticn cost.
One time repairs are limited to 50% of tais amount.

The current criteria for vehicle replacement originated
as the result of a study during the early 1960's of vehicle
repair and replacement policy by staff meabers of the Office

14




TABLE I
COMPUTATION

Age in Years 1 2 3 4
Percentage of
EZquifrmen

Eérlacement Cost

75 64 53 42

FACTORS FOR REPLACEMENT

VALUES
5 6

31 20

of Assistant Secretary of Defense,

ktoth the Government
that for

data from and private

strated each mile of vehicle

use,

assisted by transpcrta-
tion representatives cf the militacy services.

Analysis of
industry demorn-

a derfinite

percentage of wear resulted under jiven operating conditicns

and maintenarce fprocedures.

the interests of econcmy and
by
certain mileage or ccndition
[(Ref. 6: p.

adcpting an objective

cost) were met.

It was therefore concluded that
efficiency could best ke served
for planned replacement when
factors (age or one time regair

"y

Frior to the establishment of these c¢riteria vehicles

were replaced when ar inspectcr judged that a vehicle was

worn cut and worthy of replacement [Ref. 7: p. 3].

B. TBECRETICAL REPLACEMENT MODELS

As an initial approach to the seacch for new replacement

criteria, consideratior was given to waat the thecretical

literature on replacement in general Las to offer. It was

reasoned that only through knowledje or what is available in

theory, could a replacemert model be identified or develojed

for practical application.
As
kegan in

summarized by Douglas,
1623 with J. S

modern replacement theory

Taylor's theory of optimizing
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:E economic life by minimizing the unit cost of output. Harold
hJCe lHotellinj simplified the process by the use of ccrntiruous
:5 functicns shortly thereafter, ard in 1940, Dr. G. A. D.
kJ Freinreich advanced the theory that the immediate replace-
.,
-7 ment decision was influenced Lty an infiaite <chkain cof
.; successor replacements. George Terborgh, in 1949, put forth
x the idea of an "inferiority gradient®; a means by whkich tke
o« inferiority of an existing wmachine could bLe guantitatively
;ﬁ measured against the relative superiority of a new potential
Ej replacement. In 1952, Dr. A. A. Alchain promoted in Rand
L Report E-224 the use c¢f exponential curves to represent the
- Yehavior of input variables, rfacilitating an analog comriater
ig soluticn to the problem [Ref. 8: pp. 69-74, 101]
- Subsequent writings have taken varied approaches to
i‘ soiving the repiacement guestion: probabilistic or deter-
2 ministic, continuous or discrete. Howard [Ref. 9: EP-
§ 54-59, 89-91], for example, devised a system of analysis
: terned tte "Policy-Iteration Method" which structures the
Froblem as a ¥Yarkoviam chain decision. Douglas himself used
o Alchain's wcrk as a tasis for his examination of replacement
{ﬁ timing <for profit rmaximization in construction eguipment
;} operations. e too used exponential ejuations to rcdel the
iy forms varicus revenues and costs may take, but additionally
allowed for the effects of taxes, inflation and variaticns
. in interest rates [Ref. 8: p. 75]. The final form of his
:E computer-rased model accepts as nany as seventy variaples
f. and utilizes thirty-three equations [Ref. 10: p. 17].
v
‘ﬁ C. FKREVIEW OF EMPIRICAL STUDIES
b
j; To determine how eyuipment replacement theory has been
1¢ applied to real-world situations, a literature search was
ra conducted to determine how empirical studies have apgroached
;? the investigation of the rerlacement guestion and what !
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-i findings resulted. Highlights of several which [pertain
;ﬁ specifically to the validity of riteria applied within DOD
are jgrovided below. Additionally, a General Accountang
Office (GAC) rerort cn the replacement of General Services
y&: Administration (GSA) sedans is examined since similar
= criteria are used for these vehicles.
¥ The inclusion of these studies is thought to be Etenefi-
. cial in that it may help to acyuaint the reader with the
:ﬁ setting in which replacement decisions are made. Also, it
Eg is instructive to consider the various findings in that
N significantiy different answers have been found tc essen-
tially tle same questiorn. No assessment is made as to the
fﬁ: legitimacy of any particular approach or the validity cf aay
%ﬂ findings. However, comment will be made subseguently
f regarding conclusiors which w®may be drawn by considering
.5 these studies as a group.
o 1. [ARCOM Study
\ This study [Bef. 11], completed in 1979, vas commis-
, sioned Ly the Army's Develorment and Readiness Command
.fﬁ (DARCCHM) specifically to frovide an update of the
f DOD-specified age ard mileage criteria for administrative
use vehicles. Statistical techniyues of regressior analysis
were apgplied to summary maintenance data froa major Army
it commands. Additionally, a special data collection eifcrt
E\ covering six installations was used to collect some data
items not included in the summary statistics. The data
- included direct 1labor man-hours, direct maintenance costs
;f (direct 1lakor and direct materials), vehicle shop days,
f? wiles driven per year and age in years.
> Scme general observations resilting from the data
gz analyses vere:
-

N a. The average number of maiutenance man-hours and

(o costs increase ufp to the eventh year, then remain ccnstant
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e€xplain these <constant or declining trends were that tiey
resulted from the applicatior of the one-time repair expen-
ditare limits to older vehicles, or froa deierring mainte-

e

nance on vehicles as they approacned the time of their

L
2

scheduied replacement. 3ince one objective of the study was
to determine new criteria, vyrewmoval oI any pias in the data
caus€d by applicaticn of the existiny criteria wvas deemed
necessary. This was accomplished by omitting the data :ior
very old vehicles, and extending the previous rising linears
trend through the later years. This trend was considered to
provide a ketter estimator under changing policies fer costs

to orerate clder vehicles.

) Another disccvery from the analysis of data for
ﬁi' maintenance concerned the effect of the intensity of usage
during a period. It was deterwmined that higher usage cver a
year's time resulted in correspondinjly higher mainterarce
: requirements.

!. k. It was reported that over at least tlke first
nine years cf a vehicle's 1life, no significant increase in

?27 shop days as age increased could be detected. Irrespective
of the observation tkat shop days seemed to remain statle |

the study cautioned that an increase as a vehicle ages !
remained a rossibility, resulting in a need to establish a
service life lower than the established economic life. When
€stablishing the econcmic lives of the ten types of vehicles
for which adejuate data were available, no account was given
in this study tc any penalty (opportunity cost etc.) for
lost availability due to time in the shop. Should arn
increase in shop days in redlity occur, the inclusicn of
such a [feralty charge based on increasing downtime would
érive the service life even lover.

With the cavution that the eifects of the one-time
;f repair expenditure lirit on yearly averaje lives cculd not

e 18
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e predicted, new vehicle economic lives based on the study
-~ results were presented as shovwn in Table II . While the
results were reported to provide a good basis for fleet cost
predicticn, they were not claimed to be a good individvual
vehicle cost predictcrs.

The recommendation was made that an adoption of the
extended vehicle lives should be accompanied by an adcrtior
of a new pmethod for calculating repair expenditure lirits,
also developed as part of the study. Since these limits
would lead to the replacement of some vehicles before the
expiraticn cf their ccmputed economic lives, further study
- would te required to determine the effect these limits would
. Lave cn total fleet replacement policy.

2. HReidy and Sckneider Study

This 1974 nmaster's thesis [Ref. 12] set out to
examine the validity of the DOD age/mileage replacement
criteria, focusing cn 1light sedans, station wagons and
Fickufp trucks. The initial tack taken was to poll various
conmercial companies and governmental agencies to determine
what frocedures, analyses, variables and factors they used
< to decide when toc replace a vehicle. Included were agencies
cf federal and 1local governaents, auto manufacturers,
leasing and fleet maragement companies, utilities, taxi
- cperatcrs and research organizations.

It was found that age and mileage criteria were tke
ones mrost consistently used by the organizations polled, and
the ones most freguerntly stated explicitly as the tases for
at least a gquasi~formali policy. To varying degrees,
replacenment decisions were also found to have been influ-
i enced by maintenance and operating costs, and by downtime

and oksclescence. Criteria based on these factors were
generally not spelled out in the <form of a formal policy,

s kut were cnly subjectively applied as the decision-maker
'3 deemed appropriate tc the situation.
19
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Age and mileage were major considerations for
leasing and {leet maragement organizatiors, but were apriied
more in view of currercy of bedy styles or physical afppear-
ance than in regard to simply minimizing ownership and cper-
ating costs. While a governmental agency would be concerned
ir minimizirng costs, these organizations were influenced in
their decisions Lty a venicle's continued ability to maintain
consumer agpeal and offset costs by generating [frofits.
Thus, the economic decision to replace was made at a foint
sooner tham if costs alone were considered.

Iwo commercial activities, ©Eastern Air Lines and
Bell lakcratories, were rejorted to have beern develcping
scientific, computer-based decision models and irfcrmation
systems for vehicle marnagement. Efforts as part of the
rescarch for this thesis to deteraine the present status of
those cystems fourd that the Operations Analyesis
Applications Group of Bell labs, the group responsible for
designing that comrany's systen, has arpparently been
disktanded. Attempts to determine ii the Bell labs model was
Fut to tuse were unsuccessfuil. Contact with the office
responsiktle for grourd transportation replacement at Eastern
Air lines irndicated that no comfputer-based system is ncw in
use (or for that matter, even Kknown to exist). As 1in the
Fast, target ages ior replacement of various vehicle ty;es
are used as a rule of thumb. A decision to replace an irndi-
vidual vehicle sconer or later than the target age for that
particular type is subjectively made, based gererally on
that vehicle's ccnformance to cost norms.

After finding the replacement <criteria used Dy
commercial and other governmental agencies to be generally
the same as, or no better than, those of the Air Force (thus
LCOD as a whcle), Reidy and Schneider turned to the applica-
tion cf regression aralysis of historical vehicle data from
two «c¢f that agency's commands, to determine if the <[OJ

criteria were valid.
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For the groups of vehicles exaained, it was repecrted
that vehicle age was not a statistically significant
predictcr icr cost per mile to operate, or for direct lator
maintenarce manhcurs required. Further, there was no indi-
cation that out-oi-ccrmission rates or down-for-parts rates
increased significantly once a vehicle exceeded six years of
age. Scme statistical significance was said to have been
found only in an increase 1in direct labor maintenance mnan-

hours fcr vehicles driven in excess of 72,000 miles.
3. GAQ study

This 1979 study [Ref. 13] examined the 30+ year old
GSA criteria specifying replacement of sedans upon reaching
six years cf age or €C,000 miles of usage. These crateria
were aprlicable to tike 42,000 sedans in the GSA interagency
motor pocl and, by regulation, to the 22,000 other sedans
cperated ky other federal civilian agencies.

The study ccnsidered the costs of depreciaticn,
preparation (upon acguisition), selling (upon disposal),
pairntenance, repair and interest on capitalization. Several
methoeds c¢f analysis were applied under various assumpticas
to evaluate replacement cycles of from opne to six years.
The results showed that a ore-year cycle provided the lcwest
annual c¢cst option. This was believed to be the case
tecause maintenance costs were thought to be lowest durirng
the first year of operation. Also, the large depreciaticn
in a vehicle's resale value normaily expected during the
first year tends to ke offset somewhat in the government's
case by lower purchase prices resulting from kulk kuys.

In a summary c¢f previcus reports, it was noted that
shortened replacement cycies of between one and four jyears

had teen recommended by ten GSA or GAO studies ccnducted

«

since 19%4, including four conducted during the 1970°'s. It

a 2 P
[ 2

is inpnteresting to ncte that while all agreed that the

e




six-year cycle was too long, there apparently was no

consensus as to what the ecoromic replacement cycle stould
ke. Alsc noteworthy 4is that whiie this 1979 GAC =study
concluded that a one-year cycle would be the most eccncm-
ical, the second most economical choice would be a four-year
cycle under most assumptions. Therefore, 1if tne vehicles
were nct rerlaced at the end of the first year, it woula be
most e€conomical to then wait until the end of the fcurth
year for reglacenent.

This 1969 master's thesis [Ref. 14] was initiated to
study tibe validity of a then-prorosed change in the apglica-
tion cf age and mileage criteria by the Departmert of the
Air Fcrce. Previously, €xceeding the maximum aje Or tae
maximum Tileage had sigrnaled the point at which a vehicle
was due to be replaced. The proposed change was for bcth
criteria to be exceeded before a replacement action could be
initiated. The study intended to determine if combinaticns
of less than the nmraximums of both criteria could provide
;: economic justificaticn for replacement decisions.

: Considering vehicle acguisition and repair costs ior
crne major Air Force ccmmand, regression aralysis was afpylied
to determine the poirt at which the average total <cost or
cwnershiy was minimized, at which time a vehicle's ecornoric
life was considered toc have been reached. This point, as
determined in the study, is shown ia Table III for the six
vehicle tyres <considered. In addition to deteraining

economic life based cn age or mileage, a regression eguatioxn

1] l- ‘t‘ ‘l. ‘4. _'\ .

[y

was develored for each vehicle type. Including both vari-
ables, this equation was intended to be wused to determine

BRY

the eccncmic rerplacement point for various coambinations of
those variatles.
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- 5. KSiesling Study
LS
;: This 1980 master's thesis [Ref. 15] sought tc to
N determine the econogic life <¢f Navy sedans using average
o depreciaticn, oferating and maintenance costs regorted by
15 the Hertz Ccrporation and the Department of Transportaticn,
ﬁ% adjusted to better reflect Navy experiernce. It ccncluded
that average costs tc own and operate au automobile would
’F decrease through the sixth year of ownership. At that tine,
ai major maintenance wculd ke required to recondition the
f venicle. Thereafter, average costs would continue to
decline at least thrcugh the tenth year.
:j From this, it was surmised that the sixth year ol
- cwunershir represented a 1logical point at which to evaluate
fﬁ the rerlacement decision. Ir the vehicle was in relatively
. good shape with respect tc condition, safety and reli-
N ability, it should receive the major maintenance and be
E: retained through the tenth year. If not, it should be imue-
¢ diately replaced.
3 6. Rlungle Study
:. This 1969 master's thesis [Ref. 7] was initiated to
- determine Fkota the economic life of the Navy's fleet of
i Fickup trucks and the proper criteria for one-time repair
!E expense limitatioms. It was based on historical Navy and
53 GSA data for acguisition costs, maintenance expenses and
& downtiume. "Truck Blue 300k" values were used to estimate
X the exrected 1loss of salvage value of a truck. Througa
5 analysis, a rising linear trend with respect to age was
'i found tc clcsely apprcximate the expected maintenance costs
< through about seven years of ofperation. A rising linear
§ trend with a high correlatior was also found £for downtime
:3 rates through at ieast twelve years.
A)
.I
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Eased on these trends, the economic iife of a pickup
truck was determined under varying assuaptions of expense
rates (maintenance), salvage values and interest on capital-
izaticn. The results for comtinations of these assumpticns
varied retween economic lives of one and nine years. Tae
effect of salvage values was the most draaatic, changing the
decisicn pcint by as much as seven years (a longer cycle
teing associated with using a "no salvage! assumption versus
"Truck Blue Book"™ salvage values).

Under the ccrkination of assumptions considered in
the study as most likely to approximate the Navy's situation
("no salvage" case, 5% discount rate, 1linearly risinj main-
tenance expenses), a seven-year replacement cycle was found
to be o;tigmal. Based on the data and calculations, the
difference between this cycle and tne specified six-year
cycle rerresented an additional cost per vehicle of §7 per
year. Between cycles of from six to nire years, the widest
difference resulted ir an additional <cost of less than $10.
This irdicated that decision-makers could have a relatively
wide 1latitude in making the replacement decision without
sigrnificant econouic consegueances.
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IIX. SELECTION OF A REPLACEMENT MODEL FOR NAVY VEHICLES

T 1 3 -

A. INFLUENCE OF EMPIEICAL STUDIES

The preceding chapter highligated the afpproaches taker
ard conclusions reacked 1in some previous studies of the
replacement question. Several used summary vehicle cost
data to aralyze tlke validity of replacement criteria.
Cthers inccrporated an effort to collect detailed data from
various sources. With the exception of the GAO study cf GsSA
sedans, they all consiaered the validity of the
DOD-sfpecified criteria, for example, replacement after six
years of age or 72,000 miles of use for sedans and pickup
trucks.

All studies reached some conclusion regarding tlke legit-
imacy of these «criteria, Lut there was 1little consistency
among them. Some said the DOD criteria required replacement
cf vehicles too soon, others said too late, and still cthers
said the DOD criteria were akout right. Since the vari-
apility cf the conclusions seen somewhat curious, closer
examination of some f[fossibilities that may account for the
variaticns is necessary.

1. Iiming Differences Between Studies

- e e e D s D A —— > —— T ——— —————

The studies used data froam periods as early as the
mid-1%60's, through periods as late as the latter-1970's.
Pith such a range in time, variations in costs would, of
course, result frem a continuing inflationary trend.
However it is the relative variation in costs within a
replacement model whkich determines the outcome of the
replacenent decision; the balance between the ccsts of
cwnershir ard the ccsts of operation which may not vary in
direct relation with cne anoctuaer.
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Klungle reported that in the years 1961-19€9, the
purchase price of Navy pickup trucks varied by only ¢ 20,
and even dropped in some years ([Ref. 7: p. 15]. This
cccured irrespective ¢f an overall iascrease in the natioral
consuper rrice index of about 10%. Reidy and Schneider
reported that for tlke c¢ity of San Francisco, during the
early 1970's, the purchase price of vehicles had increased
70% over a feriod of several years whnile the vages of main-
tenance mechanics had increased 143% [Ref. 12: p. 72]. The
purpose in citing tlese observations is to illustrate that
the eccrcmics of the model wmay or may not conform to
economic <conditions in general, and that they can vary
significantly within the model.

Differences in timing may have come into flay in
leading the various studies to differinjy conclusicens, of
which any may have been valid for the time. However, the
fact that the replacement guestion will be iniluenced
continually by varicus and changing factors should condenmn
the application of static criteria.

2. Cost Experience Dif ferences Between Agencies

Thouch DOD replacement criteria are specitied for
use Ly all service ccmponents, the services are given flexi-
Eility in establishirg vehicle maintenance staffing levels
and rrocedures. This has led, Lhowever, in some cases to
significant differences between the services in the manage-
ment cof their vehicle fleets. A recent GAO report [Ref. 16:
ppe 2-3] stated tLat one service's staffing methcds result
in a fersonnel-to-vehicle ratio almost twice that resultiny
from the standards of another service.

Pifferences such as this could have easily 1led to
varying conclusions teing reached by the different studies.
Due to the separakility of the services' umissions and
requirenments, no inference is drawn herein that they should

28
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te constraired to fcllow identical policies. However, a
criticism may be applied against the economic soundness of
specifying service-wide criteria which ignore the variaticns
which exist.

tad

. Lifferences in Model Ipputs and Form

There was some variation within the studies
regarding the tyres cf cost data corsidered in the analyses.
Where one may have included administrative costs associated
with vehicle procurements, another did not. Cne may have
imputed some cost for downtime impact while another consid-
ered only directly measurable costs. In many cases, legiti-
mate costs zay have Leen ignored due to inaccessibility of
data, either because the data were not in a form which
ailowed the costs tc be determined or they were not avail-
able at all. By a study ignoring one or more of the data
items influencing the replacement decision, a bias would
have been introduced into the results of that study's anal-
ysis, 4its magnitude dependizng cn the relative influence of
the iten.

Another rossikle cause of variation in the results
of the studies would be differences in the form of the
models used tc determine the validity of the DOD criteria.
An analysis of these differences is rnot made herein.
However, it is wortl noting that the studies were for the
most rart similar in that replacement decisions were related
to deternminations of long-run miniaua average total costs.

From this discussion of differences between findings
ir the previous studies, some conclusions may be drawn which
should serve as guides Zfor any replacement model afprlied
within thke Navy envircnment.

The chanyging economics of the replacement issue
requires the dynamic application of a decision model; that
is, it shculd be applied on a continuing basis so that

29
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criteria may be wupdated whenever the balarnce between cper-
ating costs and ownership costs shifts significantly. To
restrict replacement decisions to static <criteria is to
ignore the influences of an ever-changing world. Also, the
criteria should not be forced to serve applications for
which they are inapprcpriate. To apply them to too froad an
envircnment is to igrncre the unique economics of the varicus
situations which may exist.

If the correct conclusions are to be drawn frcr the
model, the input data must include all costs which will
influence the replacement decisioa. The 1literature is
consistent in stating that input data must be accurate if
the right decision is to Le reached. Faiiing to include
some cost for the izfact of dcwntime, for vxample, could
bhave significant consegquences. Tahe services have set goals
for dcwntime not to exceed 10%, and even at this rate a
vehicle will be out of service for more than one month in a
year. Corsider tlke nmission impact when downtire, as
reported for an activity of one service, reached 33% during
cne mcnth.

At the outset of this research effort, intentions
had reen to follow the same course as the previous studies.
This approach would have seen large amounts of vehicle data
assentkled, to which regression and other technigques cof anal-
ysis would have been applied. This effort would have led to
the determination of new replacement criteria which could
have then been compared to the DOD standards. Two okstacles
stood in the way of this approach.

First, cost records at activity or higher lev